ABSTRACT In mixed alcohol-water solvents, bovine b-lactoglobulin undergoes a cooperative transition from b-sheet to a high a-helix content conformer. We report here the characterization of b-lactoglobulin by compressibility and spectroscopy measurements during this transconformation. Both the volume and compressibility increase as a function of alcohol concentration, up to maximal values which depend on the chemical nature of the three alcohols used: hexafluoroisopropanol, trifluoroethanol, and isopropanol. The order of effectiveness of alcohols in inducing the compressibility transition is identical to that previously reported for circular dichroism and thus independent of the observation technique. The highly cooperative sigmoidal curves found by compressibility determination match closely those obtained by circular dichroism at 222 nm, indicating a correlation between the two phenomena measured by the two different techniques. The presence of an equilibrium intermediate form was shown by the interaction of b-lactoglobulin with 8-anilino-1-naphthalene sulfonic acid, a probe widely used to detect molten-globule states of proteins. It was correlated with the plateau region of the volume curves and with the inflexion points of the sigmoidal compressibility curves. Ultrasound characterization of proteins can be carried out in optically transparent or nontransparent media.
INTRODUCTION
Although correct protein folding requires an unordered polypeptide chain to assume the structure resulting from evolution, there is now ample evidence that biologically relevant, non-native conformational states are present in the cell (Kuwajima and Arai, 2000) . Such states may include fully unfolded conformations and partially unfolded conformations stable at equilibrium, as during translocation across biological membranes (Bychkova et al., 1988) . Alternatively folded protein conformations are of interest because by accumulating and aggregating, they contribute to the pathogenesis of debilitating diseases such as Alzheimer's and Parkinson's associated with ageing, or to prion disease, a fatal neurodegenerative disorder. In the prion protein, the abnormal isoform of the protein is characterized by a shift from an a-helical to a b-pleated sheet structure (Raso and King, 2000) .
Because proteins are able to adjust their conformation to alterations of their microenvironment, cosolvents are commonly used to induce conformational shifts from native to non-native states. For example, a number of investigators have studied the conformational transition of b-lactoglobulin (BLG) in the presence of alcohols, the most frequently used being hexafluoroisopropanol (HFIP), trifluoroethanol (TFE), and isopropanol (IPA). These drive the b-sheet-to-a-helix cooperative transition and serve as a model. The mechanism of this transition is considered to be a key issue in understanding the folding of a number of proteins (Dufour et al., 1990 (Dufour et al., , 1993 Hirota et al., 1997; Kuwata et al., 1998; Gast et al., 2001) , the accumulation of aggregated proteins, and the development of novel therapeutic strategies to prevent or cure long-term degenerative changes.
BLG, a major component of bovine milk, is a 36,800 molecular mass dimer in aqueous solution, each monomer containing eight antiparallel b-strands (51%) and one a-helix (7%). The molecule, however, displays an intrinsic preference for an a-helical structure. Secondary structure analysis from amino acid sequence predicts 48% of a-helix and 13% of b-sheet (Shiraki et al., 1995) , suggesting a high degree of structural flexibility. At pH 2.0, the molecule splits into monomers, keeping a fully native structure as shown by nuclear magnetic resonance (NMR) characterization (Kuwata et al., 1998 (Kuwata et al., , 1999 . The central cavity of the protein (calyx), closed by a loop, binds a variety of hydrophobic molecules, although the precise function of the protein remains unknown (Brownlow et al., 1997) .
During the transition from the native b-sheet to the nonnative a-forms of BLG in presence of alcohols, the surface of the protein in contact with the solvent is altered, as a structural and thermodynamic response to the new solvent conditions. With the increased alcohol concentration, a number of previously water-exposed residues will become buried within the protein and inaccessible to the solvent, while a number of buried residues will become exposed to the solvent, experiencing a more and more hydrophobic microenvironment. Thus the solvent-induced rearrangement leads to a complex redistribution of water and alcohol molecules between the protein hydration shell and bulk phase, especially in hydrophobic domains, which stabilize the native structure. During the transition, a number of investigators have described the presence of a molten-globule type (Kuwajima, 1989, Christensen and Pain, 1991) (Hamada and Goto, 1997, Mendieta et al., 1999) , at concentrations depending on the chemical nature of the alcohol (Hirota et al., 1997) .
To shed light on this mechanism, we have measured the change in compressibility accompanying the b-to-a transition in BLG in the presence of the three chemically distinct alcohols HFIP, TFE, and IPA, which were used in earlier conformational studies (Gast et al. 2001 , and references within). Since little is known about compressibility variation during such extensive conformational transitions, our aim was to correlate the compressibility measurements with conformational studies. Comparison of circular dichroism and compressibility data obtained in the same solvent indicates a close correlation between the highly cooperative increase of helicity and that of compressibility.
Moreover, the presence of an intermediate form is deduced from the binding to BLG of 8-anilino-1-naphthalene sulfonic acid (ANS), a fluorescent probe which is almost standard for diagnosing conformationally mobile partially folded compact states, referred to as molten globules (Semisotnov et al., 1991) . We have correlated the intermediate form with the volume and compressibility curves by simple data analysis. In addition, we observed a variation of energy transfer from one of the tryptophan residues to the neighboring ANS binding site in the calyx, a transfer which is affected by the conformational transition.
MATERIALS AND METHODS

Materials
Bovine milk b-lactoglobulin (L 3908) purchased from Sigma (St. Louis, MO) was used without further purification. Isopropanol (IPA), 99.9% pure, was Lichrosolv grade from Merck (Darmstadt, Germany). Trifluoroethanol (TFE) and hexafluoroisopropanol (HFIP), both 99% pure, were obtained from Sigma, as well as 8-anilino-1-naphthalene sulfonic acid (ANS). All the other chemicals were analytical grade. Water used in this study was of Milli-Q purity.
Sample preparation
BLG was dried under vacuum and the samples prepared by weighing the dry lyophilized proteins on a Sartorius Model 1712 balance (Sartorius, Gottingen, Germany) with a precision of 6 0.03 mg, in volumetric flasks (class A 6 0.04 ml). The protein concentration (c p ) of the samples was [3 mg ml . The solvents used to make up the volume at 208C were mixtures of the alcohol with the appropriate amount of water, brought to pH 2.0, with HCl.
Volumetric measurements
The densities of solvents r 1 and protein solutions r were determined at 25.00 6 0.018C, using a vibrating tube Anton Paar DMA 58 digital density meter (Anton Paar, Graz, Austria). The precision obtained in density measurements is [10 ÿ5 . Each set of determinations was carried out at least 53, averaged, and the value used to calculate the protein apparent specific volume u v (see Eq. 4). Because of the low solubility of BLG at the highest alcohol concentration, the measurements were stopped at alcohol concentrations where the maximum amount of a-helix was reached (Hirota et al., 1997) , after checking that the solution was devoid of any precipitate.
Ultrasound velocity measurements
We have selected a method based on time of flight determination which offers, in addition to its simplicity, a high precision permitted by recent instrumental and computational advances (Amararene et al., 1997) .
Principle
In ultrasound velocity measurements using the time of flight, a short electrical pulse is applied to a piezo-electrical transducer, converting the electrical wave into an acoustical one, which propagates through the medium under study. A second transducer at the end of the cell converts the received wave back into an electrical signal, which is compared to the excitation signal. The time interval between the two signals allows the determination of the ultrasound velocity, with knowledge of the precise distance between the two transducers.
Measurement system
One of the principal limitations of the custom-built system resides in possible temperature drifts. This difficulty is circumvented by the use of a set of tandem cells of identical acoustic path, enclosed in a single metal thermostated block (Sarvazyan, 1982) , and experiments are carried out in a temperature-controlled room. The setup allows the sequential determination of the ultrasonic velocity difference between a reference and a measuring cell, which at identical temperature achieves a considerable improvement in sensitivity. First, the two cell acoustic paths are filled with the reference liquid, and velocity measurements are carried out. In a second step, the measuring cell is drained, rinsed, dried, and refilled with the liquid under investigation. The shift in the velocity occurring between the two cells over a period of 12 h is of the order of 2 cm s ÿ1 . The final precision in ultrasound velocity determination is [10 ÿ5 (Le Huérou et al., 2003) .
Volume and compressibility calculation
Taking into account the relative densities of the protein solution (r), of the solvent (r 1 ), that of the proteins (r p ), and their respective volume fractions (f 1 ), (f p ), one can write from mass conservation law
where c p is the protein concentration. The values of r, r 1 , and c p are experimentally measured. Since
Eq. 1 becomes
and the protein apparent volume is
The experimental measurement of the protein solution density (r) and that of sound velocity (u) allow the determination of the solution adiabatic compressibility using Laplace's equation. Thus, the adiabatic compressibility of the reference solvent b 1 can be written as
where u 1 is the velocity in the reference solvent and r 1 its density.
In this work we make use of the effective medium theory (Eq. 6), since the relevant acoustic wavelength is always orders-of-magnitude larger than the protein size and the solvent density does not differ much from the protein density (Pinfield et al., 1995) . We take the solvent as phase one, whereas the second phase consists of protein solution. We describe each of the constituent components, as a function of the relative volumes of the constituent phases, in terms of several parameters. Thus, we can relate the protein solution compressibility b to both solvent (b 1 ) and protein (b p ) compressibilities as
where b, b 1 , and f p are calculated from r, r 1 , c p , u, and u 1 . The protein compressibility can then be written as
The data were plotted versus the alcohol concentration and fitted to sigmoids.
Circular dichroism
Circular dichroism (CD) spectra were recorded using an Aviv Model 62A spectropolarimeter (Aviv Associates, Lakewood, NJ). The temperature of the sample was controlled at 258C 6 0.18C. In the far ultraviolet (UV), a 0. Fluorescence BLG intrinsic fluorescence and ANS fluorescence were recorded on a Spex spectrofluorimeter (Instruments SA, Edison, NJ) at 228C, using excitation and emission bandpass of 2 nm. The excitation wavelengths for tryptophan and ANS fluorescence were 295 and 370 nm, respectively. Emission was recorded in the 310-570-nm wavelength range at a speed of 1 nm/s. In ANS binding studies, the dye concentration was 25 mM in a ratio of 1:1 to the protein at pH 2.0. The alcohol concentration in the samples was varied in a 0-40% range depending on the chemical nature of the alcohol.
RESULTS
Volume
The dependence of partial specific volume of BLG on alcohol concentration is shown in Fig. 1 . In all three alcohols the maximum variation is modest, within 10%. The curves determined in the two fluorinated alcohols present a somewhat similar overall profile, consisting first of a volume increase, then of a plateau region, and finally a steep increase. In HFIP, the protein volume increases from 0.765 10 ÿ3 m 3 kg ÿ1 in water at pH 2.0, to 0.788 10 ÿ3 m 3 kg ÿ1 at 3% HFIP, then we observe a short plateau between 3 and 5% (midpoint at 4%), followed by a much steeper increase, reaching a value of 0.824 10 ÿ3 m 3 kg ÿ1 at 10% HFIP. In TFE, the volume of BLG increases slowly from 0.765 to 0.772 10 ÿ3 m 3 kg ÿ1 at low cosolvent concentration (between 5 and 10%), then the curve displays a plateau between 10 and 18% of alcohol (midpoint at 14%), followed by an ascending part starting at 20% and reaching a value of 0.812 10 ÿ3 m 3 kg ÿ1 at 25%. In contrast, when IPA is the cosolvent, the volume curve of BLG is almost flat, at a value of 0.765 10 ÿ3 m 3 kg ÿ1 in the range from 0 to 15%; declines to a minimum at 20%; and then shows a very slowly ascending part at alcohol concentration from 20% to 35%, finally reaching a value of 0.772 10 ÿ3 m 3 kg ÿ1 at 35%. Thus D v , the maximum difference in volume values, is cosolventdependent: 0.059 10 ÿ3 m 3 kg ÿ1 (1086 ml/mol) in HFIP, 0.047 10 ÿ3 m 3 kg ÿ1 (865 ml/mol) in TFE, and only 0.007 10 ÿ3 m 3 kg ÿ1 (129 ml/mol) in IPA. Remark that the numbers in the fluoroalcohols are extremely large for protein volumetric changes.
Compressibility
When BLG adiabatic compressibility, b, is plotted versus alcohol concentration expressed as volume percent (v/v), a smooth sigmoidal curve is obtained indicating a cooperative transition from low to high compressibility values (Fig. 2 b) . It is interesting that the maximum compressibility value reached varies also with the chemical nature of the alcohol. Thus whereas in TFE and IPA mixtures the compressibility value levels off at a maximum between 35 to 40 3 10 ÿ11 Pa ÿ1 , it reaches a substantially higher value of 55 3 10 ÿ11 Pa ÿ1 in HFIP solutions (Fig. 2 a) . Furthermore, the alcohols differ in their effectiveness to induce the compressibility transition in the order: HFIP [ TFE [ IPA, the most effective being the fluorinated alcohols, exactly as previously reported by CD measurements of the transition (Hirota et al., 1997) . We obtain for the maximum difference in compressibility a value of 45 3 10 ÿ11 Pa ÿ1 in HFIP, 30 3 10 ÿ11 Pa ÿ1 in TFE, and 23 3 10 ÿ11 Pa ÿ1 in IPA in decreasing order. From the fitted sigmoids we obtain the inflexion points of the curves at 5, 15, and 21%, of HFIP, TFE, and IPA, respectively. 
Circular dichroism
To investigate the b-sheet to a-helix transition of BLG, a large number of conformational studies have been previously carried out in mixtures of fluorinated alcohols (Shiraki et al., 1995, Hamada and Hirota et al., 1997; Kuwata et al., 1998; Hong et al., 1999; Mendieta et al., 1999; Gast et al., 2001 ). Here we measured the conformational change of the protein in IPA, the least effective of the three cosolvents in inducing the transition, as this alcohol's effects on the CD of BLG have been least-studied. Titration of the protein with IPA was monitored by ellipticity at 222 nm. The resulting curve shows the induction of helical conformation in BLG (Fig. 3) . The compressibility of BLG in IPA has been plotted at the same time. It is interesting that the curves both display the same sigmoid profile and almost overlap, indicating a close parallelism between the increase of the a-helix amount and that of the protein compressibility. Two differences can, however, be observed between the curves. Firstly, the far-UV CD curve is almost flat, up to an alcohol concentration of 15%, whereas the compressibility values start to increase slowly at a concentration of 5%. Secondly, a careful inspection of the CD curve in IPA reveals a notch between concentrations of 15 and 18%, whereas the compressibility curve does not show this phenomenon.
Fluorescence
Since literature reports the presence of an equilibrium moltenglobulelike structure at low alcohol concentration, we have explored the binding to BLG of the fluorescent probe ANS, a standard for diagnosing molten globules (Semisotnov et al., 1991; Uversky et al., 1997) , as a function of alcohol concentration (Fig. 4) . After binding, ANS fluorescence emission intensity increases up to a maximum reached near 4% in HFIP, near 14% in TFE, and between 18 and 20% in IPA, and then drops abruptly. The derivatives of the compressibility curves were also plotted on Fig. 4 . The maxima in the derivative curves correspond, of course, to the inflexion points of the sigmoids. The correlation between these and the fluorescence maxima of the ANS complexes is excellent. In addition, we observed a nonradiative energy transfer between one of the two tryptophans, excited at 295 nm and ANS bound within the calyx. When the ratio of tryptophan fluorescence intensity over that of ANS is plotted versus alcohol concentration, we obtain three curves display- ing similar profiles (Fig. 5) . First there is a decrease in the ratio down to a minimum, and then a progressive increase. The minimum is located at different alcohol concentrations depending, as already observed in this report, on its chemical nature (Fig. 5) . We found the minima at concentrations of 5% of HFIP, ;14% of TFE, and ;20% of IPA.
DISCUSSION
Although recent developments of acoustic techniques allow a much higher precision in measurements by difference ultrasound velocimetry, there is a general agreement that adiabatic compressibility of globular proteins cannot be interpreted by the correlation with a single variable. As underlined by Dadarlat and Post (2001) in an article on molecular dynamic simulations of protein compressibility, ''the compressibility is a complex function that may result from a combination of factors, such as protein packing density, hydrophobicity, polarity, specific solvent accessible area, number of disulfide bonds, and the types of secondary structure elements.'' The fact that we are dealing in this work with a major change of protein structure induced by a series of cosolvents adds to the complexity of these parameters, and of data interpretation. The precise mechanism by which alcohols induce conformational transitions in proteins and peptides is still a matter of conjecture and discussion. According to literature, alcohols may exert their effects by at least two mechanisms: direct binding or an indirect mechanism, by changing the solvent shell around the polypeptide chain (Kentsis and Sosnick, 1998) . A superposition of these effects can thus be expected (Gast et al., 2001 , and references within). In addition, the osmophobic effect described by Bolen and co-workers as an unfavorable interaction between the alcohol and the peptide backbone (Bolen and Baskakov, 2001 ) may be involved. Each of these hypotheses is plausible to some degree.
Actually, little is known about the precise structure of the a-helices induced by alcohols in BLG. From NMR experiments, Kuwata et al. (1998) reached the conclusion that the residues involved in the conformational changes are mainly located on the N-terminal half of the molecule. From smallangle x-ray scattering experiments, Shiraki et al. (1995) and Kamatari et al. (1999) concluded that the protein was no longer globular, but chainlike, with chain segments formed by noninteracting a-helices. Furthermore, the dimensions of other proteins studied in methanol appear to be closer to those in a highly unfolded state than globular. The protein could be represented by an open structure of helical segments without notable interactions between the segments. According to Gast et al. (2001) , the structure of BLG in fluoroalcohols reveals a strongly solvated chain of different helical segments with several helical rods linked by flexible random coils, in agreement with the model proposed by Muroga (2000) . We have characterized here the above structures by volume and compressibility measurements.
From our results there is a clear evidence that the maximum increase in volume depends on the chemical nature of the alcohols used and follows the order of alcohol effectiveness (HFIP > TFE > IPA) in inducing the transition (Fig. 1) . It is important to note that the maximum alcohol concentration used in all the experiments corresponds to the plateau value of the ellipticity at 222 nm, i.e., 80% of a-helix (Hirota et al., 1997) . Thus, despite displaying the same a-helix content, the final structures appear to differ in maximal volumes. For example, in the case of IPA where the cosolvent binding seems to be minimal (English et al., 1999) , we might conclude either that the transition per se involves a relatively small volume change or that underlying positive and negative contributions almost cancel each other. A number of compensating effects may indeed affect the protein volume and contribute to the final result. The much larger values of D v maximum found for HFIP and TFE compared to IPA indicate that the preferential interaction of the fluorinated alcohols with the protein seems to play a significant role in such high volume changes. This situation leads to a highly solvated protein described by Gast et al., (2001) , where the excess concentration of fluorinated alcohols induces packing defects at the protein surface, significantly increasing the volume.
The primary focus of this investigation was to explore the extent to which the b-sheet-to-a-helix model transition is associated with changes in BLG adiabatic compressibility. Clearly, our results indicate a very close match between the dependence on alcohol concentrations of the ellipticity at 222 nm and that of the compressibility. This fact implies that the compressibility changes observed in this work do reflect the conformational transition between the BLG b-native and the open a-states (Fig. 3 ). An additional feature suggesting the close relationship between the protein cooperative conformational transition and the compressibility increase is the order of effectiveness of the alcohol species for inducing them (HFIP [ TFE [ IPA). We find it to be the same whatever the technique used: compressibility, volume or CD. Other factors may, however, contribute to an increase of protein compressibility: for example, the pH of the solution promoting aggregation. However, since the protein exists at pH 2.0 as a monomer, aggregation can be safely ruled out. In addition, the presence of the cosolvents increases the repulsive electrostatic interactions, characteristic of low pH, leading to increased interatomic distances and size of protein cavities and thus to the softening of the macromolecule. At present, we cannot quantify the respective contributions of the potential solvation by the alcohols at the protein surface and that of the conformational transition to the compressibility.
One notable difference between CD and compressibility experiments concerns the maxima reached. While it is known that the maximum a-helicity induced by alcohols (80%) is independent of the chemical nature of the cosolvent (Hirota et al., 1997) , the maximum compressibility value obtained for BLG in HFIP is definitely higher than that in the two other alcohols, up to the concentration studied. This effect is consistent with the preferential binding coefficient of HFIP to BLG. It is probably the result of hydrophobic interactions and of the replacement of water by alcohol molecules leading to progressive protein unfolding (Gast et al. 2001 ). An additional difference between the CD and compressibility curves is the early increase of the compressibility values, which is absent in the far-UV CD curve (Fig. 3) . This probably reflects structural changes observed in the near-UV CD, between 5 and 15% of IPA, where the aromatic fine peaks at 280-295 nm disappear (not shown). Another notable discrepancy between compressibility and CD curves is the presence of a notch in the [u] 222 versus IPA concentration curve (Fig. 3) . This phenomenon has also been described by Konno et al. (2000) when titrating cytochrome c by HFIP. According to these authors, it indicates the presence of an intermediate state during the transition to a highly a-helical state. This notch in the titration curve of BLG with TFE is also present in the work of Mendieta et al. (1999) , who used CD spectral deconvolution to pinpoint the conformation of the molten-globulelike intermediate.
Interaction with ANS identifies protein molten-globule states, using the term in a broad sense (Semisotnov et al., 1991) . This is indeed the case here, since the intermediate state shares many features of the molten globule but differs nevertheless from the BLG native secondary structure (Shiraki et al., 1995) . As shown in Fig. 4 , in all the three cosolvents a strong enhancement of ANS fluorescence occurs upon interaction of the dye with the more loosely packed clusters of hydrophobic residues of the partially folded protein. According to Collini et al. (2000) , the protein possesses two binding sites for ANS: one external site and another one more specific, at the bottom of the hydrophobic calyx, possibly close to the GH strand (Brownlow et al., 1997) . The calyx site would certainly be affected by the conformational transition. At higher alcohol concentrations, the hydrophobic ANS binding pocket is destabilized. It appears to be solvated by the hydrophobic solvent, as indicated by the minima in the fluorescence energy transfer curves (Fig. 5) . From the energy transfer observed, we can conclude that the ANS binding site within the calyx is within 20 Å of tryptophan 19 (Brownlow et al., 1997) .
It is especially interesting that virtually all the measurements shown in this work display a relatively small transition at low alcohol concentrations followed by a much larger one at higher cosolvent levels. The early transition is seen to correspond to the loss of the protein's native tertiary structure without having large effects on the secondary structure, as seen with IPA in Fig. 3 . This is indicative of classical molten-globule formation. With IPA this transition is complete at slightly \20% alcohol. The sharp increase in negative ellipticity at higher IPA levels, which corresponds to the large change in compressibility as well as to the change in volume, is accompanied by a loss of ANS fluorescence and thus of ANS binding. The same loss of ANS binding occurs with the other two alcohols as well, but at lower concentrations, as noted above. The highly a-helical form produced at elevated alcohol concentrations thus does not have the properties normally associated with molten globules, namely a compact form with a mobile but hydrophobic interior.
In addition to its role as a molten-globule indicator, ANS can also bind in the calyx of native BLG. This too, increases its fluorescence from a very small value in water to the value seen in Fig. 4 at 0% alcohol. The shoulder on the ANS fluorescence curve for IPA that occurs at ;5% alcohol is consistent with additional changes in the binding, due perhaps to some softening of the native tertiary structure as it moves toward the molten-globule state. TFE behaves in a manner similar to IPA. It produces a small initial volume change (Fig. 1) as well as a small early rise in compressibility (Fig. 2) , both of which are complete by 10% alcohol. Similarly, the ANS fluorescence rises to a plateau by 7-10% and then rises slightly to its maximum at ;14% (Fig. 4) . The effects of HFIP are slightly more complex than those of the other two alcohols because they are compressed into a narrow range of relatively low cosolvent concentrations. Thus the early transition is not seen in the compressibility data in Fig.  2 , or the ANS fluorescence in Fig. 4 . It is clearly present in the specific volume in Fig. 1 , however, where it occurs as a step which is complete by 3% alcohol.
As a conclusion, it is interesting to remark that the midpoints of the volume plateaus, the minima of energy transfer, the maximum fluorescence of the ANS binding curves, and the inflexion points of the compressibility curve are in good agreement, occurring at similar alcohol concentrations. Finally, if we compare the inflexion points of the compressibility curves and the ANS fluorescence maxima in Fig. 4 , we can conclude that the largest change in compressibility for a given increase in alcohol concentration occurs for the molten-globule-like state.
In this report, we have highlighted the parallelism between the conformational transition and compressibility changes.
The immediate challenge of these findings is to extend such measurements to probe correct protein packing and folding. Nevertheless, to define the different parameters leading to the values reported here, we still lack pertinent models to predict the compressibility of the highly a-helical state induced in BLG by the cosolvents. We believe, however, that a detailed description of their effect on the protein compressibility is a step toward elucidating their molecular mechanism and dissecting the contributions that account for the protein stability and specificity in the folded state. An important practical point worth stressing is that compressibility experiments do not require optically transparent solutions. Ultrasound measurements of proteins can therefore be used to characterize their conformational shifts in a wide range of opaque media.
